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･ MT(-)n&Ⅱ : MT(-)細胞にMT-I及び-II遺伝子を再導入した細胞｡以下に作製方
法を概略した｡　　　　　　　　　　　　　　　　　　∨
･ MT(-)A : MT(-)細胞にhqr-Ⅰ遺伝子のみを導入し､ MT-Ⅰ蛋白質のみを発現させた
細胞｡以下に作製方法を概略した｡
･ Mr(-)皿: MT(-)細胞にMT-Ⅱ遺伝子のみを導入し､ MT-Ⅱ蛋白質のみを発現させ
た細胞｡以下に作製方法を概略した｡

























で2分間静置した｡これにSOC培地(2% bacto-tryptone, 0.5% bact&yeast extract,
0.05% NaCl, 20mMM$12, 20mMglucose)0.8miを加え42oCで1時間インキュベ-
トした後､アンピシリン50pg/miを含むLB寒天培地(1%bacto-tryptone,0.5%
bacto-yeastextract, 1% NaCl, 7% agar)に塗布し､ 37oCで一晩培養した｡形成された
コロニーをアンピシリン50 pg/miを含むLB培地(1%bacto-tryptone,0.5%
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totalRNA､ 0.5 pg/plOligodT primer(I.0 Ill)およびイオン交換水を入れて全量を12







PCR用の0･5miチューブに､得られたcDNA(0.5pl)､ 10xPCR buffer(2pl)､ 2mM
dNTP (2 pl)､ loo pM MT-Ⅲ forward pri-r (0･2 pl)､ loo pM･MT-Ⅲ reverse primer (0.2
pl)およびTaqGOLD(0.2 pl;Perkin Elmer)を加えて全量が20111になるようにイオ




MT-ⅡI forward primer : 5--ATGGACCCTGAGACCTGCCCCTG-3'
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′後､ PBS(-)で一度洗い､ ISOGEN lmiを加えてtotalRNAを抽出した.上述の方法
で逆転写反応を行い､ PCRにより遺伝子導入の確認を行った｡即ち､ pcR用の0.5
miチューブに､得られた逆転写産物(0.5 pl)､ 10xPCRbuffer(2pl)､ 2mMdNTP(2







Mr 344 primer : 5.-CACGACTrCAACGTCC-3'
Mr 408 primer : 5.-CAGCAGGAGCAGCAGCTCTTCTrGCAG13.


















ファー(6.4%ホルムアルデヒド､ 48%ホルムアミド､ 6.7%グリセリン､ 5.3%プロ






















SDS)で室温で5分間､ 2回洗浄した後､ stringencywashing buffer(0.I x SSC, 0.1%
SDS)で68℃で15分間､ 2回洗浄した｡メンブランをBufferl(0.15MNacl,0.1 M
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incubated in Hanks'solution contaiming 0.05 %
conagenase at 37.C for 15min
centrifuged 50 I g for lnin
Ppt (hepatic cells)






incubated in Col incubator at 37.C for 3 hr
infectedwith SV40 virus
incubated in Col incubator at 37.C for 2 hr
washedwith PBS (I)　　　　　.
incubated in Col incubator at 37.C for 3 ･ 4 weeks
MT(+) : derived from 129/Sv
MT(-) : derived from MT null
medium: D.MEM + 10% FCS +




Establishment of Immortalized Cells





Differential Display of CDNA uslng Total
●
RNA from MT (+) and MT (-) Cells
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′sLX's<'




cloned into cloning Vector
(ラ >二 Sequence
PTZ･17　1 3 2 1 ' TTGCGCTTCTGACTGTTAAACACCAATGATGCATGCACTGTCCCTCTTCACTCTTTCTCT
★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★
NW 1 1 I-　　　　　　　　GACTGTTAAACACCAATGATGCATGCACTGTC C CTC TTCAC TC TTTC TC T




PTZ･17　1 4 4 1 I GGTATATCAGCTATGTuTAAAGCWGGAAAJCGGTATTGTGCATTTGTGGCATTATGTA
★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★
NM3 1　　1 1 1 I-　GGTATATCAGC TATGTAAATAAAGCAAJGGAAACGGTATTGTGCATTTGTGGCATTATGTA
PTZ.17　1 5 0 1 ' GAATTGCAGTGTGCGCTGCCGAAAATGCAGGCTTTTGTAACGTGGTCCTCTCATAAGTAC
★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★
NM31　　1 7 1 TI GAATTGCAGTGTGCGCTGCCGAAAATGCAGGCTTTTGTAACGTGGTCCTCTCATAAGTAC
PTZ_17　1 5 6 1 T CCAATGTATTTTAGCTATTTTAGTAGGATTTGTTCAATAAATATGCAAGCTATAAGGT
★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★
NM31　　2 3 1 " CCAATGTAmTTAGCTATTTTAGTAGGATTTGTTCAATAAATATGCAAGCTATAAGGT
Fig. 3










Northern Blot Analysis or NM31 (PTZ･17)






















Transfection of MT Gene(S) to MT(-) Cells
ー32-
RTIPCR




MT(+) : Cells obteined from liver of normalmouse
MT(-) : Cells obteined fromliver of MT tluII mouse '
MT(-)/V : pcDNA3.1JⅡygroα transfected MT(-) cell
MT(-)n&II : pcDNA3.1/Ⅱygroq･MT･I&Ⅱ transfected MT(-) cell
Fig. 8
Expression or MT･I or MT･ⅠI mRNA in
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Zinc concentration in the culture medium (uM)
Fig.9
1mduction or Metallothionein (MT) Proteins in





MT(+) : Cells obteined from liver of 129/Sv mouse
MT(-) : Cells obteined from liver of MT-null mouse
MT(-)n&ⅠⅠ : pcDNA3.1mygroα-MT-Ⅰ&II transfected MT(J cell
Fig. 10
Expression of NM31 Specific RNA in






MT(+) : Cells obteinedfromliver of 129/Sv mouse
MT(-) : Cells obteinedfrom liver of MT-null mouse
MT(-)A : pcDNA3.I/Hygroα･MT-I transfected MT(-) cell
MT(-)nI : pcDNA3. I/Hygroα･MT-II transfected MT(-) cell
Fig. ll
Expression of MT･I or MT-ⅠI mRNA in





Zinc concentration in the culture medium (LIM)
Fig. 12
1mduction or Metallothionein (MT) Proteins in






MT(+) : Cells obteinedfrom liver of 129/Sv notISe
MT(-) : Cells obteinedfrom liver of MT-null mouse
MT(-)n&II : pcDNA3.1/Hygroα･MT･I&ⅠI transfected MT(-) cell
MT(-)A : pcDNA3.I/Hygroα･MT･I transfected MT(-) cell
MT(-)nI : pcDNA3.1/Hygroα-MT･II transfected MT(-) cell
Fig. 13
Expression of NM3l Specific RNA in






MT(+) : Cens obteined from liver of 129/Sv mouse
MT(-) : Ceus obteined from liver of MT-null mouse
MT(-)n&ⅠⅠ : pcDNA3. 1mygroα･MT-I&II transfected MT(-) cell
MT(-)nII : pcDNA3.1mygro-MT･ⅠⅠI transfected MT(-) cell
Fig. 14






MT(+) : Cells obteined from liver of 129/Sv mouse
MT(-) : Cells obteined from liver of MT-null mouse
MT(-)nII : pcDNA3. 1mygro-MT-ⅠⅠI transfected MT(-) cell
Fig. 15
Expression of NM3l Specific RNA in
MT (+), MT (-) and MT(-)〝ⅠI Cells
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′MT(+) MT(｣















Time after ZnCl2 treatment
Fig. 16
Effect of ZnC12 0n NM31 and MT mRNA
Levels in MT(+) and MT(-) Cells
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Effect of Pentylenetetrazole (PTZ) on NM31


















Sensitivities or MT(+) and MT(-) Cells to





























Expression of NM3l specific RNA in Various
Tissues of 129/Sv and MT-mull Mice
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MetaIIothionein Mediates Gene Expression of 3.I mRNA (PTZ17)
Related to Epileptic Seizure
- I Metallothionein(S) is a small protein found in most eukaryotic species.
Cysteine residues account for approximately 30 % of the totalamino acid
content of metallothionein (K年gi, 1993; Webb, 1979) which has roles in
protection againstthe toxic effects of heavy metals, xenobiotics and y-
irradiation, as well as in drug resistance, homeostasis of essentialmetalsand
free radicals scavenging (Bremner, 1987; K卑gi, 1993; Lazo and Bahnson,
1989; Sato and Bremner, 1993). The high content and intermolecular
■
localization of cysteine residues in metallotbionein are highly conseⅣed
among species',these facts are considered to be extremely important to
metallothionein function (Hamer, 1986; Kagi, 1993). On the other hand,
nuclearlocalization of metallothionein in mammaliancells has been reported
by severalinvestigators (Cherian, 1994; Kuo et al･, 1994; Panemangalore eE
al., 1983), indicatingthat metallothionein mayalso be associated withuclear
functions. We speculatedthat metallothionein is involved in gene expression･




DIHeTmtial display screening･ TotalRNA was extracted from exponentially
growlng Cells or from mouse liver uslng guanidinium thiocyanate-phenol-
chlorofom (Chomczynskiand Sacchi, 1987). Differentialdisplay proceeded
as･described by Liangand Pardee (Liang et all, 1994). TotalRNA (0.1 pg)
was converted to single stranded CDNA uslng MMLV-reverse transcnptase
and primersanchored by one base in a volume of 20 pl. The solution (1 pl)
Containing CDNA was then added to a PCR reaction mixture (10 pl)
contaiming 2 pM oftheanchoredand random primers, 2 pM dNTP, 0.5 pCi of
lα-32p]dCTPand O･5 umits of Taq polymerase (Boehringer). PCR proceeded
using athemalcycler (MP; Takara)through40 cycles of 94.C for 30 see, 40
V
.C for2minand 72 ℃ for 30 see followed by 72.C for 5min･ Theanplified
cDNAs(3･5 pl) were separated on a 6% sequencing gel, blotted on 3M paper,
driedand exposed to X-ray film･ Bands of interest were eluted fromthe gel
by boiling ln Water･ DNA was precIPltated in ethanol,then re-amplified using
血e same pnmer set and PCR conditions except血e dNTP concentrations were
20 pMand no isotope was added･ PCR samples were separated on a 1.5%
agarose gel, extractedand used as a probe for Northem hybridization.
-47-
Northem blot analysis. TotalRNA (20 llg) was resolved by electrophoresis
on o･8% agarose/formaldehyde gels,then transferred to Hybond-N+nylon
membrane (Amersham), amd′UV cross-linked･ The membrane was then
hybridized overnight with random primed l32p]dCTP-labelled CDNA
fragments obtained as above･ The membrane was washedand exposed to X-
ray filmovemight at -80 oC withanintensifying screen･ The membrane was
strippedand re-probed with32p-labelled GAPDH CDNA asanintemal control･
Gene transfer. MT(-)cells were incubated with a calcium phosphate
precipitate containing 12 pg of DNA (10 pg of PKH plasmid containingthe
MT-Ⅰand -II genes(Searle et al., 1984) and 2 pg of PCDEBD containing
hygromycin-B phosphotransferase as a selective marker) for 7 hr･ This
mixture was replaced withnormalmedium and incubated for afurther 48 hr･
■
stably transfected cells were selected by culture in the presence of
hygromycin-B (300 pg/mi, Boehringer) for about 14 days･ Clones resistant to
hygromycin-ち were selected and expanded･
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′RESULTS AND DISCUSSION
We isolatedand established SV40-immortalized stellate cell lines from
the livers of transgemiCmice deficient inthe genes for metallothionein-land -
II (Masters et al., 1994)and from normal129/Sv mice (controls). These cells
were designated as IMS-MT (-) (immortalized mouse stellate cells from MT-
null mouse) and IMS-N(immortalized mouse stellate cells from normal
mouse) , respectively. We exmined totalRNA sample from bothcell lines by
differentialdisplay (Liang et al., 1994),and we found one CDNA(tentatively
named NM31)that was expressed only in IMS-N cells (Fig. la). Northem
hybridization uslng NM3 1 as a probe confirmedthatthis gene was expressed
at negligible levels in IMS-MT (-) cells (Fig. lb)･ nLeSe results suggestedthat
metallothionein(S) is involved in NM31 gene expression. To confirmthis
notion, plasmid PKH contaiming mouse metallothionein-Iand -II genes(Searle
■
et al., 1984) (a kind gift from Dr. R. D. Palmiter) was introduced into IMSI
MT (-)cells. Stable transfomants called IMS-MT (-)/PKH, expressed both
normaland disrupted mutant metallothionein Iand II mRNA as shown in Fig.
2a. Syn血esis of metallo血ionein protein was induced by zinc chlodde in
IMS-Nand IMS-MT (-)/PKH, but not in IMS-MT (-) cells. Moreover, IMS-
MT (-)/PKH cells were significantly less sensitive thanIMS-MT (-)cells to
cadmium, indicating that IMS-MT (-)/PKH cells produce functional
metallothionein proteins. We then compared the level of NM31 gene
-49-
expression in IMS-MT (-) and IMS-MT (-)/PKH cells by Northern
hybridization. NM3 1 was expressed at high levels in IMS-MT (-)/PKH cells
(Fig･ 2b)･ This finding sugg9StS that NM31 gene expression is essentially
mediated by metallothionein･ It is believed that most of the biological
functions of metallothioneinare due toanabundance of cysteine residues･
The present study presents a new concept to explain the biological roles of
metallothionein: it may mediatethe expression of specific genes･
The nucleotide sequence of NM31 (294 bp) was identical to the 3'
region of 3.1 mRNA(Studler et al･, 1993), which is abundant inthe embryonic
mouse brain･ The gene for 3･l mRNA is conserved at least inthe mouseand
in hunanS, where it is mainly expressed inthe cerebellum, hippocampusand
olfactory bulb(Studler et al., 1993)･ On the other hand, Kajiwara et
al.(Kajiwara et al., 1995)also isolatedthe gene forthis 3･ 1 mRNA (PTZ17) as
V
the gene related to chemically induced seizures･ The expression of 3･ 1 mRNA
in the mouse brain is slgnificantly depressed by an intraperitoneal
admimistration of pentylenetetrazole, which induces seizures(Kajiwara et all ,
1995). During the bursting activity induced by pentylenetetrazole,
intracellularCalcium is released from storage sitesand moved to the inner
surface of the cell membrane in neurons(Sugayaand Onozuka, 1978a; Sugaya
and Onozuka, 1978b). The injection of 3.1 mRNA into Xenopus oocytes
potentiates the pentylenetetrazole-induced calcium inward cu汀ent and an
-50-
′intracellularCalcium increase(Kajiwara et al., 1995). We examined 3. I mRNA
expression in the brain and other tissues of nomal and of transgenic mice
deficient inthe genes for rnetallothionein land -ⅠⅠ, by Northem hybridization
using a 3･l mRNA CDNA as a probe･ Figure 3 showsthatthe transcnpt was
essentially undetectable inthe livers and kidneys of mice deficient in
metallothionein-I and -II. However, substantial levels of 3.I mRNA were
モXPreSSed inthe mouse cerebellum,althoughthesemice were metallothionein-
I and -II deficient (Fig. 3). A brain-specific isoforme (MT-III) of
metallothionein has been isolatedand ovserbed to inhibit survival of cultured
rat neuronsand to be deficient in the brains of patients with AIzheimer's
deserase(Palmiter et aL, 1992; Uchida et al., 1991). The metallothionein-null
mice used inthis study expressthe gene for metallothionein-III. Erickson et
al･ (Erickson et al., 1997) reportedthatmice deficient in metallothionein-III
■
are more susceptible to seizures induced by kainic acid. Therefore,
metallothionein-IIImight play a role inthe expression of 3.I mRNA in the
bmin･ Epileptic seizures affect about O･5% of the population (Kajiwara et al.,
1995), butthe mechanism of their manifestation remains unclear. However,
we conclude that metallothionein(S) is involved in chemically induced
seizures by mediating 3. 1 mRNA gene expression.
-　51 -
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FIG. I a, Gene expression in IMS-N and IMS-MT (-) ceIIs･ Total RNA.extracted from both cell lines
wasthe template for reverse transcription and subsequent PCR amplification in the presence of l32P]-
dCTP･ The amplified products were resolved on 6% DNA sequenclng gels and visualized by
autoradiography･ TTle NM31 arrow indicates an mRNA species amplified in IMS-N, but not in IMS-MT
(-) cells. b, Northem hybridization ofNM31 mRNA in IMS-N and IMS-MT (-) ceHs･ NM3l CDNA
(excised from the gel shown in a) was re-amplified and labelled with 32P-dCTP･ GAPDH mRNA was





FIG. 2 Effect of introduction of plasmid PKH, carrylng the genes for metallothionein-I and II, into
IMSIMT (-) cells on expression of metaIIothionein-I (MT-I) and -II (MT-II) and NM31 mRNA･
RNAs from IMSIN, IMSIMT (-) andthe transfわrmed cell line (IMS-MT (-)/PKH) were analyzed by
RT-PCR using primers specific for metalIothionein-I and -II, respectively (Masters et al., 1994) (a)I
or by Northern blotting analysis using NM3l CDNA as a probe (b)･
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